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 ABSTRACT  
 
 
 
Roof insulation is one of the most important strategies to reduce the electricity 
consumption in the building which lead to cost savings and reduce the emission of gases 
that pollute the environment directly. Therefore, Building information modelling took 
great interest in recent years in the world in terms of the design simulation of the 
buildings and choose the best design. This study aimed to evaluate the effect of various 
types of building roof materials on the cooling load. This study involved in selecting a 
particular building type (factory building) and the effect of the cooling load by using a 
various metal deck roofing with and without insulation. Case study in this project is a 
simple factory building consists of two floors, ground floor is a production space and the 
first floor is the factory's offices. The cooling load requirement for the building was 
calculated by using Auto desk Revit software. The results indicated that roof insulation 
is one of the most important strategies to reduce the cooling load and enhanced the 
electricity consumption in the building. 20% reduction in the space cooling lead to cost 
savings and reduce the emission of gases that pollute the environment directly.  
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ABSTRAK 
 
 
 
Penebat bumbung adalah satu daripada strategi penting untuk mengurangkan pengunaan 
elektrik dalam bangunan yang membolehkan penjimatan kos dan mengurangkan 
pengeluaran gas yang mencemarkan persekitaran secara terus. Oleh itu, membina 
informasi model mengambil minat besar pada  tahun terkini  dari segi rekabentuk  
simulasi  bangunan dan memilih reka bentuk terbaik. Kajian ini bertujuan untuk menilai 
kesan daripada pelbagai jenis bahan atap bangunan terhadap beban sejuk. kajian ini 
melibatkan pemilihan sesetengah jenis bangunan(bangunan kilang) dan kesan daripada 
beban penyejukan mengunakan perbagai jenis bahan lapisan bumbung dengan penebat 
dan tampa penebat. Projek ini melibatkan bangunan kilang yang mempunyai dua tingkat, 
tingkat bawah adalah ruang pengeluaran dan tingkat atas adalah pejabat kilang.Beban 
penyejukan yang diperlukan  untuk bangunan dikira mengunakan aplikasi Auto desk 
Revit. Keputusan menunjukkan penebat bumbung adalah satu strategi yang sangat 
penting untuk mengurangkan beban penyejuk dan mengurangkan penggunaan elektrik 
dalam bangunan.  20 % pegurangan pada ruang penyejukan membantu pengurangan kos 
dan mengurangkan pengeluaran gas yang mencemarka alam sekitar secara terus. 
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CHAPTER 1  
 
 
 
INTRODUCTION 
 
 
 
1.1 Introduction 
 
 
Air-conditioning  is a process that simultaneously conditions air; distributes it combined 
with the outdoor air to the conditioned space; and at the same time controls and 
maintains the required space’s temperature, humidity, air movement, air cleanliness, 
sound level, and pressure differential within predetermined limits for the health and 
comfort of the occupants, for product processing, or both (Kreith, F. 1998). 
 Air-conditioning System consists of components or equipment connected in 
series to control the environmental parameters. An air-conditioning system, by 
ASHRAE (American Society of Heating, Refrigerating and Air-Conditioning Engineers) 
definition is a system that must accomplish four objectives simultaneously. These 
objectives are to control, air temperature, air humidity, air circulation; and air quality.  
The cooling is typically done using a simple refrigeration cycle, but sometimes 
evaporation is used, commonly for comfort cooling in buildings and motor vehicles. In 
construction, a complete system of heating, ventilation and air conditioning is referred to 
as "HVAC". 
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Cooling load is the rate of heat which must be removed from the space to maintain a 
specific space air temperature and moisture content (ASHRAE, 2005). The parameters 
affecting cooling load calculations are numerous, for example, the outside air 
temperature, the humidity ratio, the number and activity of people and etc. These 
parameters are often difficult to precisely define and always intricately interrelated. 
Many cooling load components vary in magnitude over a wide range during a 24 hr 
period. These cyclic changes in load components are not often in phase with each other. 
Each must be analyzed to establish the maximum cooling load for a building or zone. 
Moreover effects of thermal accumulation also involve in calculating procedure. 
Therefore various models and assumptions are developed. The estimated results at the 
specific time of calculation are normally expected and not the exact ones (Tongshoob 
&Vitooraporn, 2005). 
 Insulation of building envelopes, both opaque and transparent, is an important 
strategy for building energy conservation. Insulation of walls, roof, attic, basement walls 
and even foundations is one of the most essential features of energy efficient homes. In 
addition, as glass is a poor insulator, insulating transparent envelopes, windows and 
skylights, significantly reduces heat loss and gain during the winter and summer (Jong et 
al., 2009). 
  The insulation strategy of a building needs to be based on a careful 
consideration of the mode of energy transfer and the direction and intensity in which it 
moves. This may alter throughout the day and from season to season. It is important to 
choose an appropriate design, the correct combination of materials and building 
techniques to suit the particular situation. 
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1.2 Problem of study 
 
This study focused on reducing the electrical consumption for various environmental 
condition by optimizing the cooling load of a building. The issue in this research is that 
of enhancement the cooling performance by mean of using insulator. 
 
 
 
1.2 Objectives of study 
 
The objectives of the study are: 
 
1. To calculate the cooling load of a building for various environment 
conditions. 
2. To investigate the effect of using various types of roof material with and 
without insulator in the building on the cooling load. 
 
 
 
1.3 Scope of study 
 
The scopes of study are as follow: 
 
1. Calculate the cooling load of a simulated factory building for 12 months in the 
district of Batu Pahat, Malaysia by using Autodesk Revit software. 
2. Compare the cooling load of the factory building of a particular type of roof with 
and without roof insulator and the saving in electrical energy. 
3. The roof layers consisting of metal deck, polystyrene foam (three thicknesses 
1.6, 5 and 10 mm respectively) and aluminum sheet. 
 
  
 
CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Literature Review  
 
This chapter presents an overview of the major concepts related to air conditioning 
system, cooling load, the effect of roofs insulation on the cooling load and the 
interactions between them. 
 
 
 
2.2 Introduction 
 
Full air conditioning implies the automatic control of an atmospheric environment either 
for the comfort of human beings or animals or for the proper performance of some 
industrial or scientific process. The adjective 'full' demands that the purity, movement, 
temperature and relative humidity of the air be controlled, within the limits imposed by 
the design specification. For certain applications, the pressure of the air in the 
environment may also have to be controlled. 
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Air conditioning is often misused as a term and is loosely and wrongly adopted to 
describe a system of simple ventilation. It is really correct to talk of air conditioning 
only when a cooling and dehumidification function is intended, in addition to other aims. 
This means that air conditioning is always associated with refrigeration and it accounts 
for the comparatively high cost of air conditioning.  
Refrigeration plant is precision-built machinery and is the major item of cost in 
an air conditioning installation, thus the expense of air conditioning a building is some 
four times greater than that of only heating it. Full control over relative humidity is not 
always exercised, hence for this reason a good deal of partial air conditioning is carded 
out; it is still referred to as air conditioning because it does contain refrigeration plant 
and is therefore capable of cooling and dehumidifying.  
The ability to counter sensible and latent heat gains is, then, the essential feature 
of an air conditioning system and, by common usage, the term 'air conditioning' means 
that refrigeration is involved (Jones, 2001). 
In modern times the term has been applied to year-round heating, cooling, 
humidity control, and ventilating required for desired indoor conditions. In other words, 
air conditioning refer to the control of temperature, moisture content, cleanliness, air 
quality, and air circulation as required by occupants, a process, or a product in the space. 
This definition was first proposed by Willis Carrier, an early pioneer in air conditioning 
(McQuiston, F. C. et al., 2005). 
Generally, air conditioning is the process of treating air in an internal 
environment to establish and maintain required standards of temperature, humidity, 
cleanliness and motion (Pita, E. G., 2002). These control parameters are: 
 
     1. Air Temperature: the temperature is controlled by heating or cooling the air. 
2. Air Humidity: the humidity, the water vapor content of the air, is controlled by            
adding or removing water vapor from the air (humidification or dehumidification). 
      3. Air Cleanliness: air cleanliness, or air quality, is controlled by either filtration, the               
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 removal of undesirable contaminants using filters or other devices, or by means 
of ventilation i.e. the introduction of outside air into the space which dilutes the 
concentration of contaminants. Often both filtration and ventilation are used in 
an installation. 
      4. Air Motion: air motion refers to air velocity and to where the air is distributed. It’s 
        controlled by appropriate air distributing equipment. 
 
 
 
 
2.3 Components of air conditioning system 
 
Heat always travels from a warmer to a cooler area. In winter, there is a continual heat 
loss from within a building to the outdoors. If the air in the building is to be maintained 
at a comfortable temperature, heat must be continually supplied to the air in the rooms. 
The equipment that furnishes the heat required is called a heating system (Bali, 2005). 
In summer, heat continually enters the building from the outside. In order to 
maintain the room air at a comfortable temperature, this excess heat must be continually 
removed from the room. The equipment that removes this heat is called a cooling 
system. 
An air conditioning system may provide heating, cooling, or both. Its size and 
complexity may range from a single space heater or window unit for a small room to a 
huge system for a building complex.  
Most heating and cooling systems have at a minimum the following 
basic components (Pita, E. G., 2002): 
        
1. A heating source that adds heat to a fluid (air water, or steam) 
2. Cooling source that removes heat from a fluid (air or water) 
3. A distribution system (a network of ducts or piping) to carry the fluid to the              
  rooms to be heated or cooled.       
4. Equipment (fans or pumps) for moving the air or water. 
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5. Devices (e.g., radiation for transferring heat between the fluid and the room). 
 
 
 
2.4 The roofs effect on the cooling load 
 
In tropical countries, including Malaysia, Iraq, which is characterized by its climate heat 
and long-term drought during the summer season or during the year, the roof ceiling is 
the most important elements affecting the thermal environment inside buildings because 
it receives large amounts of solar radiation. 
For buildings in equatorial regions with warm and humid climate such as 
Malaysia, the roof has been said to be a major source of heat gain. Solar protection of 
the roof remains one of the main concerns in the thermal design of buildings in the 
region (W. Puangsombut et al., 2007; Francois et al., 2004; Olgyay,1992; Koenigsberger 
et al., 1980). Previous studies have shown that in Malaysian building, roof has a huge 
impact on the thermal performance of the whole building (Badrul et al., 2006; Nor, 
2005). Due to its geographical location, Malaysia receives the sun directly overhead 
most of the day throughout the year. Therefore, major heat gain of Malaysian houses 
comes from the roof. According to previous studies, around 87% of heat transfer from 
the roof to occupant is through radiation process, whereby only around 13% of heat is 
transferred through conduction and convection (Cowan, 1973), as illustrated in Figure 
2.1 The radiant heat received by the occupants in a space can be measured as mean 
radiant temperature (MRT).                                                                                                        
 The mean radiant temperature (MRT) is the area-weighted average of all the 
surface temperatures in a room, and is affected by the position of the person in relation 
to the various surfaces. The larger the surface area and the closer to the person, it will 
have more influence to an occupant’s MRT. This explains why the roof plays an 
important role in determining the overall MRT of the building, which will have a direct 
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impact on the thermal comfort level of the occupants. According to Peng Chen (2002), 
the thermal radiation of roof largely depends on the composition materials. 
                   
Figure 2.1: Thermal radiation from roof into interior (Cowan, 1973) 
 
The optimization of the thermal performance of the roof can be achieved through 
different levels of thermal mass, insulation, geometry of ceiling, external colour and 
levels of ventilation (attic), and roof materials (Madhumathi  et al., 2014). 
 
 
 
2.4.1 Roof Materials 
 
The heat gain through the outer shell of the structural section of the building consists of 
a total transmitted amounts of heat in the state of stability (which arise from differing 
degrees air temperature inside and outside building) and the unstable situation (resulting 
from variation of solar radiation falling on the roofs of the building density) and 
complicated heat transfer process through the roof of having heat capacity (whose value 
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depends on both the amount of conductivity makes them part of the stored heat 
(Thermal, specific heat and density of the components of the roof). (Jones, 1987). 
Transmitted through it, where the vagaries of the degree of heat to the outer surface of 
the roof section does not appear rapidly fluctuations .Similar to the degree of the inner 
surface temperature of the roof section, which means that the construction materials of 
which the outer roof section will increase of the value of the thermal resistance of the 
roof itself and thus will increase the amount of delay time to the heat transfer through it, 
which requires the use of air-conditioning equipment throughout the hours per day to 
absorb the thermal loads on arrival and reduce the degree of air space temperature to that 
level specified in advance, which means that the electric power consumption for the 
purposes of running the air conditioning equipment is linked to the amount of heat 
transmitted through the roof of the building, reduce that heat will lead to reduce the 
period of operation of air conditioners and thus reduce the amount of electrical energy 
consumed for air conditioning purposes. 
Warm climatic conditions generally prevail in low altitude areas between 15° 
north and south latitudes. A significant portion of the global population lives in this 
region, notably countries in North and South America, Africa, India, Indonesia, 
Malaysia, Thailand and the Philippines. In this region, the path of the sun generally goes 
through high altitudes during the daytime, subjecting the roofs of dwellings to intense 
sunlight. Unlike vertical surfaces such as walls, the roof is exposed to the sun throughout 
the daytime round the year, significantly contributing to building heat gain (Madhumathi 
et al., 2014).                                                    
The roofing should be tightly fixed and the material should insulate the building 
from both excessive heat and humidity. Primary requirements for roofing: low thermal 
capacity (to avoid heat build-up, which cannot be dissipated at night, since there is no 
temperature drop); resistance to rain penetration, yet permeable enough to absorb 
moisture and release it when the air is drier; resistance to fungus, insects, rodents and 
solar radiation; good reflectivity (to reduce heat load and thermal movements); 
resistance to temperature and moisture fluctuations; freedom from toxic materials 
(especially if rainwater is collected from roofs). 
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Optimizing roof materials can play a vital role in lowering down the heat built up in both 
air-conditioned spaces and naturally ventilated spaces. Also to achieve a better thermal 
performance of the roofs, it is desirable to have a multi-layered roof comprising 
materials of different thermo physical properties. It can be concluded that the most 
important physical property of a roof is the thermal conductivity, which must be as low 
as possible.   
The common roofing systems and materials used in Malaysian residential 
developments, clay tiles with double sided aluminum foil and plasterboard ceiling is able 
to produce the optimum thermal performance in relation to Mean Radiant Temperature 
(Allen et al., 2009). This is followed by concrete tile roofing system with double sided 
aluminum foil and plasterboard ceiling, and lastly metal deck roofing system with 
double sided aluminum foil, rockwool as insulation materials and plasterboard ceiling. 
 
 
2.4.2 Roof colour 
 
Colour of wall and roof surface has a significant effect to the indoor air temperature 
(Givoni, 1994). Previous studies show that colour on the building envelope had a 
significant impact to the indoor thermal condition. Many studies carried out works on 
the effect of light colour on the building envelope to its indoor temperature. Bansal et at 
(1992) argued that a room painted with white colour has lower indoor air temperature 
than a room painted with black colour with about 6°C in summer and 4°C in winter. 
Study by Cheng et al (2005) also indicated that building colour has significant effect on 
the indoor air temperature. The study reported that dark colour had more than 10-degree 
air temperature higher than white colour. The study also showed that the intensity of 
solar radiation plays the vital role as the dark colour has more heat absorption due to 
solar radiation. A study on passive solar cooling was conducted in arid climate by Amer 
 
11 
  
  
  
(2006), showes that indoor air temperature had about 6 °C lower than outdoor 
temperature for the white colour painted roof (Bakhlah, M. S., Hassan, A. S.,2012). 
A study on the effect of building colour to the outdoor and indoor surface 
temperature was carried out by Givoni (1994), involving three types of roof thickness (7, 
12 and 20 cm) and two different colours (grey and white). For grey colour with outdoor 
air temperature of 31°C the average external surface temperature recorded was 69°C 
whereas the indoor surface temperatures affected by the thickness (7, 12 and 20 cm) of 
the roof were 45, 39 and 33°C respectively. For white colour with outdoor air 
temperature of 27°C, the average external surface temperature recorded was 27.5°C, 
while the indoor surface temperature for three different roof thicknesses were the same, 
which was 25.5°C. The study also reported that the diurnal average of external surface 
temperature of white colour was lower than the air temperature, which indicates that the 
radiant loss is higher than energy absorbed in the white roof (Miller et al., 2000). 
Akbary et al (1992) investigated the amount of energy savings on white colour 
surfaces, the study showed that the roofs with white colour reduced the energy use of 
air-conditioning by saving of 12kWh/day in electrical energy and 2.3 kW in peak power. 
Roof and wall painted with white colour saved 50% of the electricity use in air 
condition. Parker et al (1996) in their experimental study on residential building in 
Florida found that 20% of electricity for air conditioning was reduced after applying 
white reflective roof coatings. Sixty eight percent of solar radiation was reflected with 
an acrylic white elastomeric coating with 63% after one-year age of coating. The study 
showed that white roofing system had an improvement in indoor thermal comfort. 
Parker et al (1997) studied the effect of white roof colour on cooling load on seven retail 
shops. The result showed a saving of an average of 25.3% electricity in summer. 
Rosangela (2002) found that the use of reflective white surface had the best 
performance and reduced the need of insulation. This significant drop in the temperature 
of upper air was due to the white tile concrete roof. Suehrcke et al (2008) summarized in 
their literature study that the use of roof reflective surfaces materials such as white 
colour had significant increase to the thermal comfort because of cooling loads 
reduction. 
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According to Mohammed& Ahmad (2012), painting the roof with white colour, resulted 
in reducing the indoor roof surface temperature, which in turn reduced the heat transfer 
through the roof to the indoor. The reduction occurred in the amount of heat transmitted 
through the roof, which means that painting the roof surface with white colour has 
improved indoor thermal comfort. The highest indoor roof surface temperature before 
painting occurred at night when the outdoor air temperature had dropped. It is possible 
to control this heat gain by enhancing the air exchange between indoor and outdoor. 
 
2.4.3 The angle of inclination in roof 
 
Hasan (2008), mentioned that by increasing the angle of inclination of the roof the 
amount of heat leaking from the roof of an apartment building can achieve greater 
savings in electrical energy consumed. For the purpose of the annual air-conditioning 
concrete roof inclined at an angle of 5 degrees from the horizon, the biggest saving 
achieved was when the roof was the leaning towards the north where the amount of 
energy savings of 11% per year, followed by facing towards the north-east and then 
north-west a little difference, while avoiding routing towards south, east and west and 
south to the negative impact. 
According to Ali (2008), the maximum saving in electrical energy for 
purpose cooling at inclined concrete ceiling by 5 at North orientation was 11% and then 
north-east & north-west. The south, south-east and south-west orientation were 
neglected, because their's opposite effects. Also, the researcher found that level clay 
saving 55% from ordinary electrical energy, but it's very heavy on ceiling and increases 
it's dead loads. While, the inclined steel structure with fired clay covered saved 48.2% 
and become 38.4% when used reeds stalks sheaye 25mm thickness beside the 
asbestoscenent by light class fiber. 
The fact that the sunlight received by the building surfaces are larger than the 
effect on the temperature of the environment (Shadow), the temperature change of the 
internal space of the building, was influenced by the increase in the degree of inclination 
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of the roof . This affect more in reducing the energy required in conditioning the 
building, while the effect of the surface of the building guide change (summer and 
winter), since the change is a courier to note that. The rate of change in the external 
boundary layer temperature of the roof of the building change in hourly manner per day 
depending on how much sunshine that part of the roof was exposed (Kharrufa et al., 
2008). 
Hasan (1984), mentioned that the angle of inclination roof of the building will 
lead to reduced leakage annual warming over the roof of the building, thereby reducing 
the amount of electrical energy required for air conditioning annually. Figure 2.2 shows 
the angle of inclination in roof. 
 
Figure 2.2: The angle of inclination in roof (Gartland &Turnbul, 2010). 
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2.4.4 Cool roofs 
 
Cool roofs are roofs that are designed to maintain a lower roof temperature than 
traditional roofs where exposed to the sun shine. Sunlight is the primary factor that 
causes roofs to become very hot. Cool roofs have surfaces that reflect sunlight and emit 
heat more efficiently than hot or dark roofs, keeping them cooler in the sun. In contrast, 
hot roofs absorb much more solar energy than cool roofs, making them hotter. Solar 
reflectance and thermal emittance are the two key material surface properties that 
determine a roof’s temperature, and they each range on a scale from 0 to 1. The larger 
these two values are, the cooler the roof will remain in the sun (Urban & Roth, 2010). 
Figure 2.3 shows the effect of color on heat transmission and reflectance of roof. 
 
Figure 2.3: Roof with conventional paint (a) and with cool roof paint (b) (Bryan &Kurt, 
2010).  
Since most dark roofs absorb 90% or more of the incoming solar energy, the roof 
can reach temperatures higher than 150°F (66ºC) when it’s warm and sunny. Higher roof 
temperatures increase the heat flow into the building, causing the air conditioning 
system to work harder and use more energy in summertime. In contrast, light-colored 
roofs absorb less than 50% of the solar energy, reducing the roof temperature and 
decreasing air conditioning energy use. 
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The solar radiation that strikes a roof is comprised of a spectrum of energy levels. 
Visible light is only a small part of the overall spectrum. The ultraviolet and infrared 
radiation that hits a roof can be either reflected or absorbed. The fraction of incident 
solar radiation that is reflected from the surface is the Total Solar Reflectance. 
 The absorbed energy converts to heat at the roof surface which can transfer into 
the living space below or be released back to the night sky. The fraction of infrared heat 
energy that a roof releases is known as infrared or thermal emittance. Any heat energy 
can also be transferred from the roof surface to the ambient air by convection with air 
movement. The changes in the reflectance and emittance properties due to weathering of 
the roof are very important in the overall cooling and heating energy consumption of a 
building over time (Hasan & Brown, 2013). 
Cool roofing is gaining in popularity due to its ability to reduce cooling and 
heating energy usage. Utility companies are also interested in cool roofing because it can 
help reduce the peak demand in electricity during the afternoon hours of summer 
months, preventing power disruptions. And, from an environmental point of view, cool 
roofing can also help to mitigate a phenomenon known as the heat island effect (Kriner, 
2006). 
Cool roofing is described by two main terms: solar reflectance and thermal 
emittance. Total solar reflectance (TSR) is the percentage of all solar radiation that is 
immediately reflected from a surface. Any energy that is not reflected from a surface is 
absorbed by the material. Some of this is transferred to heat which can be removed by 
convective transfer from air flow over the surface. Some of the heat can be conducted 
through the surface. More importantly, some of the heat can be re-emitted to the night 
sky in the form of infrared wavelength energy. The latter phenomenon is known as 
thermal emittance (TE). The combination of solar reflectance and thermal emittance 
properties of a material determine the surface temperature of a roof and its ability to act 
cool (Kriner, 2006). 
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2.5 Applications of air conditioning 
 
Most air conditioning systems are used for either human comfort or for process contral. 
From life experiences and feelings, we already know that air conditioning enhances our 
comfort. Certain ranges of air temperature, humidity, cleanliness, and motion are 
comfortable; others are not (Pita, E. G., 2002). 
Human beings (Jones, 2001) are born into a hostile environment, but the degree 
of hostility varies with the season of the year and with the geographical locality. This 
suggests that the arguments for air conditioning might be based solely on climatic 
considerations, but although these may be valid in tropical and subtropical areas, they 
are not for temperate climates with industrialised social structures and rising standards 
of living. 
Briefly, air conditioning is necessary for the following reasons. Heat gains from 
sunlight, electric lighting and business machines, in particular, may cause unpleasantly 
high temperatures in rooms, unless windows are opened. Air conditioning is also used to 
provide conditions that some processes require. For example, textile, printing, and 
photographic processing facilities, as well as computer rooms and medical facilities, 
require certain air temperatures and humidity for successful operation. The most 
important applications of air conditioning (Pita, E. G., 2002) are as below: 
 Comfort air conditioning: Domestic, offices, shops cinema halls , 
hospitals, computer centers, libraries, restaurants, hotels, night clubs, 
transportation, telephone exchanges, beauty saloons, radio and TV 
stations, auditoriums, malls, museums, ships 
 Industrial air conditioning: 
(a)     Laboratories: to make precise measurements. 
(b)     To study the effect of temperature and moisture on living beings. 
(c)     Control of humidity in multi-color printing. 
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(d)     Textile manufacture greatly depends on moisture control. 
(e)     Dry air is required in steel manufacture. 
(f)       Pharmaceutical industry needs refrigeration to reduce air borne bacteria. 
(g)     Photographic products deteriorate rapidly at high (temperatures, humidity). 
(h)    Farm animals: improves the quality and quantity of milk. 
 
 
 
2.6 Insulation 
 
Insulation is one of those ubiquitous techniques that is always around, always impinging 
on our work, social and domestic activities and yet for most of the time is hardly 
noticed. Insulation is a passive product; once installed, it works efficiently, quietly and 
continually, usually out of sight, enclosed within a structure or a casing or under 
cladding. 
It comes to the fore when new design of buildings, plant, equipment or 
production processes is being considered. It is at this stage that the right specification 
must be made. Any shortfall in the thickness or error in the type and application details 
will prove costly to rectify at a later date (Mobley, 2001). 
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2.6.1 Generic types of insulation 
 
The type indicates composition (i.e. glass, plastic) and internal structure (i.e. cellular, 
fibrous) (Best practices guide, 2011): 
i. Fibrous Insulation - composed of small diameter fibers which finely divide the 
air space. The fibers may be perpendicular or parallel to the surface being 
insulated, and they may or may not be bonded together. Silica, rock wool, slag 
wool and alumina silica fibers are used. The most widely used insulations of this 
type are glass fiber and mineral wool. Glass fiber and mineral wool products 
usually have their fibers bonded together with organic binders that supply the 
limited structural integrity of the products. 
ii. Cellular Insulation - composed of small individual cells separated from each 
other. The cellular material may be glass or foamed plastic such as polystyrene 
(closed cell), polyisocyanurate and elastomeric. 
iii. Granular Insulation - composed of small nodules which may contain voids or 
hollow spaces. It is not considered a true cellular material since gas can be 
transferred between the individual spaces. This type may be produced as a loose 
or pourable material, or combined with a binder and fibers or undergo a chemical 
reaction to make a rigid insulation. Examples of these insulations are calcium 
silicate, expanded vermiculite, perlite, cellulose, diatomaceous earth and 
expanded polystyrene. Figure 2.4 shows generic types of insulation. 
 
Figure 2.4: Granular insulation a, cellular insulation b and fibrous insulation c (Best 
practices guide, 2011). 
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2.6.2 Generic forms of insulation 
 
Insulations are produced in a variety of forms suitable for specific functions and 
applications. The combined form and type of insulation determine its proper method of 
installation. The forms most widely used are (Best practices guide, 2011): 
a. Rigid boards, blocks, sheets, and pre-formed shapes such as pipe 
insulation, curved segments, lagging etc. Cellular, granular, and fibrous 
insulations are produced in these forms. 
b. Flexible blankets. Fibrous insulations are produced in flexible blankets. 
c. Cements (insulating and finishing). Produced from fibrous and granular 
insulations and cement, they may be of the hydraulic setting or air drying 
type. 
d. Foams. Poured or froth foam used to fill irregular areas and voids. Spray 
used for flat surfaces. 
 
 
 
2.6.3 Thermal insulation 
 
A thermal insulation (Mobley, 2001) material is one that slows down the rate of heat 
loss from a hot surface and similarly reduces the rate of heat gain into a cold body. It 
will not stop the loss or gain of heat completely. 
No matter how well insulated, buildings will need a continual input of heat to 
maintain desired temperature levels. The input required will be much smaller in a 
wellinsulated building than in uninsulated ones – but it will still be needed. The same 
applies to items of plant – pipes, vessels and tanks containing hot (or cold) fluids. If 
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there is no heat input to compensate for the loss through the insulation the temperature 
of the fluid will fall. A wellinsulated vessel will maintain the heat of its contents for a 
longer period of time but it will never, on its own, keep the temperature stable. Thermal 
insulation does not generate heat. It is a common misconception that such insulation 
automatically warms the building in which it is installed. If no heat is supplied to that 
building it will remain cold. Any temperature rise that may occur will be the result of 
better utilization of internal fortuitous or incidental heat gains. 
 
 
 
2.6.4 Principles of insulation 
 
 
 
2.6.4.1 Heat transfer 
 
Before dealing with the principles of insulation, it is necessary to understand the 
mechanism of heat transfer. When an area that is colder surrounds a hot surface, heat 
will be transferred and the process will continue until both are at the same temperature. 
Heat transfer takes place by one or more of three methods: conduction, convection and 
radiation. 
Conduction is the process by which heat flows by molecular transportation along 
or through a material or from one material to another, the material receiving the heat 
being in contact with that from which it receives it. Conduction takes place in solids, 
liquids and gases and from one to another. The rate at which conduction occurs varies 
considerably according to the substance and its state. In solids, metals are good 
conductors – gold, silver and copper being among the best. The range continues 
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downwards through minerals such as concrete and masonry, to wood, and then to the 
lowest conductors such as thermal insulating materials. Liquids are generally bad 
conductors, but this is sometimes obscured by heat transfer taking place by convection. 
Gases (e.g. air) are even worse conductors than liquids but again, they suffer from being 
prone to convection (Mobley, 2001). 
Convection occurs in liquids and gases. For any solid to lose or gain heat by 
convection it must be in contact with the fluid. Convection cannot occur in a vacuum. 
Convection results from a change in density in parts of the fluid, the density change 
being brought about by an alteration in temperature. If a hot body is surrounded by 
cooler air, heat is conducted to the air in immediate contact with the body. This air then 
becomes less dense than the colder air further away. The warmer, light air is thus 
displaced upwards and is replaced by colder, heavier air which, in turn, receives heat and 
is similarly displaced. There is thus developed a continuous flow of air or convection 
around the hot body removing heat from it. This process is similar but reversed if warm 
air surrounds a colder body, the air becoming colder on transfer of the heat to the body 
and displaced downwards. 
The process by which heat is emitted from a body and transmitted across space 
as energy is called radiation. Heat radiation is a form of wave energy in space similar to 
radio and light waves. Radiation does not require any intermediate medium such as air 
for its transfer. It can readily take place across a vacuum. All bodies emit radiant energy, 
the rate of emission being governed by (Mobley, 2001): 
 The temperature difference between radiating and receiving surfaces. 
 The distance between the surfaces. 
 The emissivity of the surfaces. Dull surfaces are good emitters/receivers; 
bright reflective surfaces are poor ones. 
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2.6.4.2 Requirements of an insulant 
 
In order to perform effectively as an insulant a material must restrict heat flow by any 
(and preferably) all three methods of heat transfer. Most insulating materials adequately 
reduce conduction and convection elements by the cellular structure of the material. The 
radiation component is decreased by absorption into the body of the insulant and is 
further reduced by the application of bright foil outer facing to the product. 
Mobley .R, (2001) stated that in order to reduce heat transfer by convection an 
insulant should have a structure of a cellular nature or with a high void content. Small 
cells or voids inhibit convection within them and are thus less prone to excite or agitate 
neighboring cells. To reduce heat transfer by conduction, an insulant should have a small 
ratio of solid volume to void. Additionally, a thin-wall matrix, a discontinuous matrix or 
a matrix of elements with minimum point contacts are all beneficial in reducing 
conducted heat flow. A reduction in the conduction across the voids can be achieved by 
the use of inert gases rather than still air. Radiation transfer is largely eliminated when 
an insulant is placed in close contact with a hot surface. Radiation may penetrate an 
open-cell material but is rapidly absorbed within the immediate matrix and the energy 
changed to conductive or convective heat flow. It is also inhibited by the use of bright 
aluminum foil, either in the form of multi-corrugated sheets or as outer facing on 
conventional insulants. 
 
 
 
2.6.5 Insulation Product selection 
 
In selecting an insulation product for a particular application, consideration should be 
given not only to its primary function but also to the many secondary functions. Some 
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of these product requirements (Mobley, 2001) are: 
i. Limiting temperatures: 
 Must ensure that the insulation selected can operate effectively and without 
degradation at temperatures beyond the design temperature called for. 
Temperature control of the process system can fail and systems can overheat. 
Hot surfaces exposed to ambient air will become hotter when insulated if there is 
no control of the process temperature. As with multi-layer systems, the addition 
of an extra layer of insulation will change the interface temperatures of all inner 
layers. Do not use an insulant close to a critical temperature limit. 
ii. Thermal movement: 
Large vessels and equipment operating at extreme temperatures exhibit large 
expansion or contraction movements. Any insulant specified for these 
applications should be capable of a sympathetic movement such that it will not 
cause itself or any cladding to burst, nor should it produce gaps that lead to 
dangerous hot spots in the cladding system. 
iii. Mechanical strength: 
Many insulants are made in a wide range of densities and thus mechanical 
strengths. Ensure that where insulation is required to be load bearing, to carry 
cladding, to support itself across gaps or drape down the sides of buildings 
or high equipment, the selected product has the necessary strength to 
accommodate these mechanical requirements as well as the primary thermal one. 
iv. Robustness: 
Insulation is subjected to abuse onsite, in storage and often in transit. To ensure 
minimum wastage through breakage, contamination or deformation, select 
products which are resilient or robust enough to tolerate site conditions and 
malpractice. 
v. Chemical resistance: 
No matter how well installed, insulation is always at risk of contamination from 
outside sources. Overfilling of vessels, leaking valves and flanges, oil thrown off 
from rotating transmission shafts and motors can all penetrate protective 
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cladding or lining systems. Consideration of any insulation’s compatibility with 
possible contaminants should be considered in these situations. 
vi. Weather resistance: 
Insulation applied to externally located equipment can be subjected to rain and 
weather contamination if the outer cladding fails. Insulants with water-repellant, 
water-tolerant or free-draining properties offer an additional benefit in this type 
of application. In the structural field insulants used as cavity wall fills must 
be of those types specially treated and designed for this application. 
vii. Surface emissivity: 
The effects of surface emissivity are exaggerated in high temperature 
applications, and particular attention should be paid to the selection of the type of 
surface of the insulation system. Low-emissivity surfaces such as bright polished 
aluminum reduce heat loss by inhibiting the radiation of heat from the surface to 
the surrounding ambient space. However, by holding back the heat being 
transmitted through the insulation, a ‘dam’ effect is created and the surface 
temperature rises. This temperature rise can be considerable, and if insulation is 
being used to achieve a specified temperature the use of a low-emissivity system 
could necessitate an increased thickness of insulation. For example, a hot surface 
at 550°C insulated with a 50mm product of thermal conductivity 0.055 and 
ambient temperature of 20°C would give a surface temperature of approximately 
98°C, 78°C and 68°C when the outer surface is of low (polished aluminum), 
medium (galvanized steel) or high (plain or matte) emissivity, respectively. 
Conversely, to achieve a surface temperature of 55°C with the same conditions 
the insulation would need to be approximately 120 mm, 87mm and 70 mm, 
respectively. 
viii. Acoustics: 
Because of their cellular or open-matrix construction, most insulants have an 
inherent ability to absorb sound, act as panel dampers and reduce noise breakout 
from plant by their ability to be a flexible or discontinuous link between an 
acoustically active surface and the outer cladding. 
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